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Experimental study was performed for oil circulation effects on evaporation heat transfer in the brazed type plate 
heat exchangers using R134A. In this study, distribution device was installed to ensure uniform flow distribution in 
the refrigerant flow passage, which enhances heat transfer performance of plate type heat exchanger. Tests were 
conducted for three evaporation temperature; 33℃, 37℃, and 41℃ and several oil circulation conditions. The 
nominal conditions of refrigerant are as follows: inlet vapor quality at evaporator is 0.2, and degree of superheat at 
the evaporator outlet is maintained by 5℃. The heat transfer correlation of water-side was developed by modifed 
Wilson plot method. The evaporation heat transfer coefficient can be obtained from the definition of overall heat 
transfer coefficient using developed water-side heat transfer correlation. The plate heat exchanger with distribution 
device shows enhanced heat transfer coefficient by 8% compared with that of conventional plate heat exchanger. 
The oil circulation effects on evaporation heat transfer coefficient were analyzed, and the heat transfer performance 




Plate heat exchangers are becoming common components in refrigeration and heat pump cycles, when a liquid is 
used as a secondary fluid in the condenser or evaporator. They are widely used in many applications (food, oil, 
chemical, and paper industries, HVAC, heat recovery, refrigeration, and etc.) because of their compact size and 
weight as well as their superior thermal performance compared to other types of heat exchangers. They have been 
successfully used since the 1930s for single-phase heat transfer from liquid-to-liquid in chemical and food 
processing industries. In the late seventies they were also used for two-phase heat transfer, particularly as 
evaporators and condensers in chillers and heat pumps.(Longo et al., 2007) 
Yan et al.(1999) experimentally investigated the effects of mean vapor quality, mass flux, heat flux and saturation 
pressure on heat transfer and pressure drop during vaporization and condensation of refrigerant R134a inside a 
brazed plate heat exchanger.  
Kuo et al.(2005) reported experimental data on refrigerant R410A condensation inside plate heat exchanger and 
proposed empirical correlations for heat transfer and pressure drop. 
Although many studies are in progress on various design parameters of plate heat exchanger, studies on effect of 
flow distribution are not enough. It has been expected that the performance of plate heat exchanger will be improved 
according to uniform flow distribution. So in this work, the characteristics of the evaporation heat transfer for R134a 
flowing in the normal brazed plate heat exchanger and improved distribution brazed plate heat exchanger were 
experimentally explored with respect to evaporation temperature. The improved distribution brazed plate heat 
exchanger has a device to distribute evenly refrigerant flow in channel and to help the heat exchange in the dead 
region near fluid ports of heat plate. Evaporation heat transfer coefficient can be calculated from heat transfer 
For Peer Review Only
Purdue 2012
 
2357, Page 2 
 
International Refrigeration and Air Conditioning Conference at Purdue, July 16-19, 2012 
analysis and heat transfer correlation of secondary fluid, which is obtained by modified Wilson Plot method through 
additional liquid-liquid experiment.  
 
2. Data reduction 
 
                    
Figure 1: Schematic view of temperature in test section 
 
Figure 1 shows schematic view of refrigerant and water temperature in test section. Heat transfer process is 
divided into saturated region and superheating region. Heat transfer rate during evaporation can be calculated using 
Equation (1) or (2). The mean temperature difference between refrigerant and water is defined as Equation (3) 
considering temperature variation in superheating region.  
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Where ΔTm is mean temperature difference, ΔT1 is logarithmic temperature difference in saturated region, ΔT2 is 
logarithmic temperature difference in superheating region. 
Heat transfer rate in a heat exchanger is proportional to overall heat transfer coefficient, heat transfer area and 
temperature difference between two fluids. When a relatively small thermal conduction resistance through plate is 
ignored, the relation between the overall heat transfer coefficient and the convective heat transfer coefficients on 
both sides can be expressed as Equation (5). Thus, evaporating heat transfer coefficient is calculated by measuring 
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Where the modifed Wilson plot method was applied to find hw. Through it, water-side heat transfer coefficient in 
test section can be expressed as functions of Re and Pr. 
 
3. Modified Wilson Plot method 
 
Figure 2 is a schematic of brazed plate heat exchanger used in this study. Plate heat exchanger commonly 
constitutes over 10 plates to increase heat transfer area. In this study, plate heat exchanger with 4 plates is used to 
eliminate the effect of refrigerant mal-distribution into plates. Test section is made up one path of refrigerant flow 
and two path of water flow to investigate effect of refrigerant distribution on heat plate itself. Table 1 shows 
geometric characteristic of the test section used in experiment.  
Figure 2 is a schematic of brazed plate heat exchanger used in this study. Plate heat exchanger commonly 
constitutes over 10 plates to increase heat transfer area. In this study, plate heat exchanger with 4 plates is used to 
eliminate the effect of refrigerant mal-distribution into plates. Test section is made up one path of refrigerant flow 
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and two path of water flow to investigate effect of refrigerant distribution on heat plate itself. Table 1 shows 
geometric characteristic of the test section used in experiment. 
 
Table 1: Geometric characteristic of the test section 
 
    Unit       Value 
Fluid flow plate length mm 124 
Plate width mm 309 
Area of the plates m2 0.04 
Number of plates  4 
Corrugation type  Herringbone 
 
Figure 2 is a schematic of brazed plate heat exchanger used in this study. Plate heat exchanger commonly 
constitutes over 10 plates to increase heat transfer area. In this study, plate heat exchanger with 4 plates is used to 
eliminate the effect of refrigerant mal-distribution into plates. Test section is made up one path of refrigerant flow 
and two path of water flow to investigate effect of refrigerant distribution on heat plate itself. Table 1 shows 




Figure 2: Schematic view of test section  
 
As explained in previous chapter, to find the refrigerant-side heat transfer coefficient, water-side heat transfer 
coefficient is required.  
At this experiment, water is used on both sides of plate heat exchanger instead of refrigerant. 
Experiment went by varying the water mass flow rates on both sides.  
Overall heat transfer coefficient is defined by Equation (7). Inner and exterior side Nusselt number can be defined 
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Where Nu1 is the outside Nusselt number to be used water side, h2 is the inside Nusselt number of refrigerant-side. 
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By rearranging Equations (8) and (9), the unknown parameters, C1, n1, C2, n2 can be obtained by linear regression 
of experimental data. k is thermal conductivity of water and Dh is hydraulic-diameter of heat exchanger. 
Assuming the constant coefficient and exponent of Re of one side and then though the linear regression, other side 
coefficient and exponent can be calculated. Until convergence, iterate this process. Through developed heat transfer 
correlation by modified Wilson Plot method, single phase heat transfer coefficients of two plate heat exchangers are 
compared.  
Nusselt numbers according to Reynolds number in inner-side are displayed in Figure 3. Heat transfer coefficient 
of improved distribution heat exchanger is enhanced by 7%. 
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  (b) Inside-Refrigerant side     
 
Figure 3: Modifed Wilson Plot result for between BPHE and Improved distribution BPHE in refrigerant and water  
 
4. Experimental set-up and procedure 
 
Figure 4 is a schematic diagram of experimental apparatus for measuring evaporating heat transfer performance of 
the brazed plate heat exchanger. 
The experimental facility, as shown in Figure 4, consists of a refrigerant loop, a water-glycol, an oil circulation 
loop and three water loops. In the refrigerant loop, the refrigerant is pumped from the sub-cooler into the pre-
evaporator where it is partially evaporated to achieve set quality at the evaporator inlet. At this moment, quality is 
0.2. An electric heater is used as pre-evaporator to set the quality of 0.2. Electric heater is controlled by adjusting 
input voltage. 
At this moment, quality is 0.2. An electric heater and boiler are used as pre-evaporator to set the quality of 0.2. 
Electric heater is controlled by adjusting input voltage. The refrigerant goes through the evaporator where it is 
evaporated and eventually super-heated and then it comes back to the condenser and the sub-cooler. The second 
loop is able to supply a water flow at a constant temperature to make the degree of superheat 5℃. Whereas the third 
loop supplies a refrigerated water-glycol flows at a constant temperature.  
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In oil circulation loop, the oil is pumped from 2 l oil tank. At this moment, the pump is micro gear pump 
(accuracy within ±0.15%) to put the constant oil into refrigerant flow. And oil volume is measured volume flow 
meter. After go through the test section, oil is separated by two oil separator.  
The refrigerant pressure drop in the test section is measured by a differential pressure transducer (accuracy within 
±0.25%). The temperatures of refrigerant and water at the experimental apparatus are measured by T-type 




Figure 4: Schematic diagram of the test setup   
 
All the measurements are scanned and recorded by a data logger linked to a PC. Heat transfer rate can be 
calculated using Equations (1) and (2). Here Q is used the average value between refrigerant-side heat transfer rate 
and water-side heat transfer rate. 
The heat transfer performance of improved distribution brazed plate heat exchanger is compared with that of 
normal brazed plate heat exchanger with respect to evaporation temperature. Table 2 is test range of the experiment.  
 
Table 2:  Test range of Experiment 
 
    Units       Range 
Mass flow g/s 5 10 15 
Saturated Pressure bar 8.45 9.47 10.41 
Inlet Temperature ℃ 33 37 41 
Superheat ℃ 5 
Quality  0.2 




Two different sets of test section(BPHE & Improved distribution BPHE) with refrigerant R134a up-flow and 
water down-flow are carried out at saturated temperature 33℃, 37 ,℃  and 41℃. 
When evaporation temperature is 33℃, Figure 5 (a) shows heat transfer coefficient to different mass flow. In 
normal brazed plate heat exchanger, heat transfer coefficient was increased from 4000 W/m2K to 14000 W/m2K. In 
improved distribution brazed plate heat exchanger, heat transfer coefficient was increased from 4000 W/m2K to 
15000 W/m2K. When evaporation temperature is 37℃, Figure 5 (b) shows heat transfer coefficient to different mass 
flow. In normal brazed plate heat exchanger, heat transfer coefficient was increased from 4000 W/m2K to 13000 
W/m2K. In improved distribution brazed plate heat exchanger, heat transfer coefficient was increased from 4000 
W/m2K to 14500 W/m2K. When evaporation temperature is 41℃, Figure 5 (c) shows heat transfer coefficient to 
different mass flow. In normal brazed plate heat exchanger, heat transfer coefficient was increased from 3800 
W/m2K to 12000 W/m2K. In improved distribution brazed plate heat exchanger, heat transfer coefficient was 
increased from 3800 W/m2K to 14000 W/m2K.  
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Figure 6 shows comparison heat transfer coefficient depending on evaporation temperature in Normal BPHE and 
Improved distribution BPHE. In both exchanger, when evaporation temperature are low, heat transfer coefficient is 
high. Figure 7 is enhanced rate compared with Improved distribution BPHE. When mass flow is small as 5g/s, there 
is no difference. Enhanced rate is less than 2%. But when mass flow is the more 10g/s, enhanced rate   increases 
average 10% 






























































(a) Saturated temperature: 33℃                                (b) Saturated temperature: 37℃ 































(c) Saturated temperature: 41℃ 
 
Figure 5: Heat transfer coefficient for different mass flows (5, 10, 15g/s) for saturated temperatures 33, 37, 41℃ 
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(a) Normal BPHE                                                     (b) Improved distribution BPHE   
 
Figure 6: Comparison heat transfer coefficient depending on evaporation temperature in Normal BPHE and 
Improved distribution BPHE 
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Figure 7: Enhanced rate compared with Improved distribution BPHE 
 
Heat transfer rate was tested under 1% of oil circulation condition. Figure 8 shows degradation of heat transfer 
rate and heat transfer coefficient due to oil in Normal BPHE. When mass flow is 5 g/s, heat transfer rate decreased 
by 3.8%. And heat transfer coefficient decreased by 3.2%. When mass flow is 10 g/s, heat transfer rate decreased by 
2.4%. And heat transfer coefficient decreased by 1.9%.  
 
















 Heat transfer rate
 Heat transfer coefficient
 
Figure 8: Decreasing rate of heat transfer rate and heat transfer coefficient  





This paper presented that first is comparison between improved distribution brazed plate heat exchanger and 
normal brazed plate heat exchanger and  investigate the effect of oil. Through the Modifed Wilson Plot method 
experiment, after using the water heat transfer coefficient correlation, refrigerant heat transfer coefficient was 
compared with two different sets of test section. The following conclusions are derived.  
(1) As the evaporation temperature increased and the refrigerant heat transfer coefficient decreased.  
(2) Improved distribution brazed plate heat exchanger had higher heat transfer coefficient than normal heat transfer 
coefficient. When mass flow was 5g/s, There was no difference, when mass flow was the more than  
10g/s, enhanced rate was average 10% 
(3) Through the liquid-liquid modified Wilson plot method experiment, as the Re number increased and Nu 
number was same in the outside(water side) but in refrigerant side, Nu number of improved distribution brazed 
plate heat exchanger showed 8% higher than normal brazed plate heat exchanger.  
(4) When the mass flow was 5 g/s, because of the effect of oil, heat transfer rate decreased 0.75kW to 0.73kW and 
hear transfer coefficient decreased 4084W/m2K to 3928W/m2K. When the mass flow was 10 g/s, heat transfer 
rate decreased 1.43kW to 1.39kW and hear transfer coefficient decreased 7370W/m2K to 7210W/m2K . 
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